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INTRODUCTION

This study will be conducted on the ionospheric currents
in high latitude regions. Average hourly values of the components
of the earth's magnetic field will be used. These values were
calculated from records taken from polar stations, particularly
during the International Geophysic Year. (fig. 1).

From the data given, it will be shown how information on the
average hourly values‘; of the densities of current at the zenith
of the stations utilized can be obtained. The properties of the
i? vector will be studied. The I parameter, average of the 24
hourly values of r?l for a given day, was introduced by Lebeau
(1965). This will be calculated and his corfelations with Ap will
be studied for different stations.

The density of the zenithal current Y from average hourly

values of the horizontal components of the total magnetic field

- will be arrived at in the first stage of this paper. It will be

necessary therefore to state the relation between the density of
the current and a field disturbance and to calculate the value of

an undisturbed field, i.e., the value which will occur for nul i.
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Table 1 Values of the principle parameters relative to the

Table 1 legend:

stations studied.

Z

v

vertical

T

i
i
|
i
a

| - \Q& R8%hn
y H
s | 3

Fig. 2 Components of the magnetic field

1- Symbol; 2- Geographic latitude; 3- Magnetic
colatitude; 4- Local time from local noon; 5- Magnetic time
magnetic noon R R

from




CHAPTER 1

Definitions and notations

1. The Earth's magnetic field:

Three components of the earth's magnetic field are recorded
in a coninuum by several observatories (fig. 2):
-either the North, East and vertical components, whose hourly

average values will be assigned Xi, Yi, Zi, where i designates

the hourly interval of universal time,
-or the intensity of the horizontal field, the declination

and the vertical component, whose average hourly values will be

-assigned Hi, Di, Zi.

The stations whose data were used provided H, D, and Z, except
in the cases of Dumont d'Urville (DU) and Scott Base (SB). The
average hourly values of Hi and Di were systematically converted
to rectangular components before calculating the aritﬁmetic averages.
However rigorously applied, this system does not lead to the average
hourly value which would be derived from instant values of rec-
tangular components; it is felt, however, that the approximation

obtained is sufficient.

2. Average of several vectors:

i P
The vector Vys the average of n Vj coplanary:

-either by its co-ordinates in a diagram related to the




-» -»
rectangular axes X and Y:

-or by its extermity P, barycenter of the extremities Pj of the

> -
vectors Vj (0P = V).

3. Indexes

Exéept for specifications to the contrary, the following
will be used:

-from the index o, values relative to the undisturbed fields,

-from the i and j indexes, values relative to the {Ahourly
interval of the j&day in the year,

-from the j index only, the values relative to the averages
made over the 24 hourly intervals of the fmday,
13 -from the i index only, the values relative to the fkhourly

interval, averaged over a group of defined days.

4., Laws of Regression:

In the course of this study, the relations that exist between

the observed X and Y magnitudes, looking for the law which best

~

describes the points representative of the observations in a

rectangular diagram where one of the magnitudes X is assigned

to the abscissa and the other, Y, to the ordinate, will be made
precise. Methods of adjustment of the law to the points of the

different observations will be used according to the nature of




the magnitudes to be compared.

The co-ordinates of the points observed in the diagram, Xr, Yr,
-3
will be assigned to the rectangular axes X,ﬁ?, whose origin is

taken at the barycenter O of the points of observation.

First case:

Xr is a known quantity, whereas the differenceé between Yr
from the unknown straight line are considered as u@certainties
of measurement. The straight line of the least squares in Y will
be traced, i.e., the straight line so that the average quadratic

no : :
difference is minimal (fig. 3). % gzl(Yr - Y(Xr) )2

pA
Y{x)

Fig. 3 Straight line of the least squares in Y.

The calculation of the coefficients of this straight line is

-

classic,

—it‘goes through the barycenter O of the points

-its slope is a = IXr¥r
1Xp?




-moreover, the coefficient of correlation is introduced

- “; L(Y??Y(Xr)[
R = \/1 - 2Yr2 '

e e g g

Second case: Xr and Yr are affected by uncertainties of the sdme

order and are relative to magnitudes of the same order. The
straight line of the least distances, which is such that the sum
of the squares of the Eculidian distances of the points (Xr, Yr)

(fig. 4) z.dr2 minimal, will be drawn.

Y
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Fig. 4 Straight line of the least distances

*\

It will be demonstrated that it passes through the barycenter
of the points. The calculation of its slope "a'' leads to the

relation:

. X 2 - 2 LT e
a = = ’-'-é‘-g-)-(-f;?;zzr— e (Z}‘;PZ ‘- LYl )2
ote : 2LXrY¥r

+i

Y

(Annex 1)
A coefficient of correlation analagous to the one defined

for the straight line of the least squares will be introduced.

S
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In certain cases, the straight line of the least distances passing

through a fixed point other than the barycenter will be used.

Third case: Xr and Yr are affected by uncertainties of the same

order, but they are relative to magnitudes of a different nature.
The Euclidian distance from a point (Xr, Yr) to a straight line,
. > > |

in the diagram (X, Y) no longer has any significance. 1In fact,

a change of unity for one of the magnitudes corresponds to an

affinity parallel to one of its axes, i.e., a geometric trans-

_formation that does not stay perpendicular. The straight line of
the least squares in Y and of the least squares in X will be looked
for. 1If these two straight lines have neighboring coefficients,

the relation will be described by one or the other of these straight

lines. 1If they have very different coefficients, representation

by a linear relation will be considered impossible.

5. Field-current relation:

In order to pass from the disturbance of the field to the
density of the zenithal current,‘which is supposed to bring it
about, a certain number of hypotheses are indispensable. On one
hand, it is admitted that the efféct of distant currents can be
ignored compared with that.of the currents that circulate in the
ionosphere at the level of the E region and in the vicinity of
the station. This hypothesis is not unanimously accepted, but

it generally is accepted to interpret polar disturbances. On




the other hand, the effect of gradients in the density of the current
is ignored and it is admitted that the disturbances created at
ground level correspond to the effect of a sheet of uniform and
infinite current, having the density at the applomb of the station
for its density. This hypothesis would not be acceptable in the
vicinity of an electrojet, but it isfacceptable in’the central
region of the polar cap where'z does not present very acute local
gradients. Finally the effect of currents induced in the ground
can be ignored. Note that this effect is very complicated. It
depends in particular on the nature of the subsoil and on the period
of the phenomenon being studied. However, it affects the average
hourly values of any one station in a rather uniform way, and
modifies the vertical component above all. It is admitted that
in a homogeneous soil the effect is that the modulus of the field
created by a k factor greater than 1 (Chapman, 1940; Fairchild, 1963)
is multiplied. The effect of inhomogeneities of the subsoil will
be ignored and the k value, which will be presumed to be the same in
all the stations, will not be specified.

Averaging theée hypotheses, z'and the disturbance AH are bound
by a simple local relation;lz}q is proportional to I?I and the
direction of the vector‘zH is deduced from that of ‘Il by a rotation

of +_42__r (Fig. 5).
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Fig. 5 AH disturbance createdla;a.sheet of current
of a density of 1.

' will be used to express 1. A density of current of P
created by a disturbance of 1 by definition.
Note that gamma (~) is a unity of magnetic field equal to

1072 oersted, i.e., in unity S.I.
y = 10=5 g =— A;fA/m,
1 BT

Given that the relation between the sheet of current and the
i

field created establishes S.I. in unity, istH = 5 it is easily -

€

seen that: '

i =1y =1.59 A/kn.




CHAPTER 2

- Determination of the undisturbed.ﬁb field

In order to determine Ho two different methods were used,

both based on houristic hypotheses; ﬁhey led to similar results.

1. Method using the calmest hours and calmest days:

An attempt will be made to selct hours during which the undis-
turbed field is directly observed, i.e., for‘which the zenithal
current is negligible. Toward this end, the hourly interval which,
for the group of days in 1958 corresponds to the weakest dispersion

»
of the Hij vectors, will be determined for each station. The quantity:

n
Z

? yﬁ?j eA§3

L.l

(n = 365 if no observation is missing)

will define the Hij vector dispersion. Making the hypothesis that

" Eq; and 'ﬁi —'ﬁbl are minimum at the same time, the undisturbed
field can be determined as an average, téken on the calmest days,

some field vectors corresponding éo this hourly interval. This

value will be notedfﬁal (Xo1, Yoy, Pop).

1.1 Daily variation of Eqj:

This calculation was made for two Arctic stations (Godhawvn

(GO) and Thule (Th)) and for eight Antarctic stations of magnetic
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colatitude inferior to 14° whose magnetic activity was studied
by Lebeau (1965): (Vostok (Vo), Dumont D'Urville (DU), Wilkes (Wk),
Scott Base (SB), Pioneerskaya (Po), Mirny (Mi), Hallet (Ht)).

For each of the stations the representative cﬁrve of Eq; as a
function of the hourly interval‘(fig.‘6) presents a unique maximum
whose Ha hour is close to that of local noon L. The values of
Ha and of the hourly interval corresponding to the minimum are =
éssembled in ﬁable 2. M

The law of regression of Ha in function of L gives the follow-
ing equation (fig. 7):

Ha = 1.097 L - 0.529 hour

Coefficient of correlation 0.968

Average quadratic difference 0.563 hour

The value of the ordinate at the origin is less than that of
the average quadratic difference and the slope of the law of regres-
sion is in proximity to 1l; it may be concluded, therefore, that the
dispersion of the ﬁzj vectors is maximal at local noon:

Ha = L

Lebeéu (1965), studying the magnetic activity characterized
by the K indexes yields a very different result; the magnetic
activity is in fact maximal at an H hour equidistant from local

[y

noon and magnetic noon:
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Sl-:kawc;n. L t::r:l du endi (Y 6 {minimam)
,0cal noon nour

Vo L .88 L 20 ; 18
Du 2 .67 14.60 416
WK L6y 5.34 48
SB ©.38 0.85 43
“Po $.65 6. 40 15
oa L 5.29  5.20 49
Mi 5,907 | 540 16
. He 0.65 0.20 12

Table 2

Values of the Ha hour of the maximum of the Eq; dispersion
i (minimum) for which the

and of the hourly interval
~dispersion is minimal.

e .
R

e «

Fig. 7 Value of Ha as a function of L. The straight line of
least squares was drawn.
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1.2 Determination of calm days:

It is desirable to select days where the average density of
the current is weakest; these are the days for which the I parameter
is minimal.

Unfortunately, the calculétions of I require in particular the
knowledge of the zero of the current.‘ This difficulty is alleviated
by the fact that a great error in the calculation of zero has little
effect on the value of I, and that a good correlation between the
daily values of I and the corresponding values of the Ap planetary
ind;x exists. These two results were obtained by Lebeau (1965) fo£
the Dumont D'Urville station. For other stations, the correlations
between I and Ap, made evident in the work that follows, will bring
about a justification a posteriori.

Calm days are defined as those days for wﬁich Kp is less
than 10,. There were 31 calm days in 1958.

Having defined calm days and the calmest hourly intervals,

X,1 and Y,1 whose values for the different stations are assembled

in Table 4, will be determined with regard to the results obtained

by the second method.

2. Hodograph method:

Hodograph of the horizontal component will be defined as the
broken line that joins, in order, the 24 points Pi extremities of

the ﬁi vector. For a given station, hodographs relative to classes
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of days of growing activity. The criterion of activity is the
value of Apj. Note that it correlates well with the average
daily intensity of Ij of the ionospheric current. Ten classes of
.approximately 70 days, which partially overlap and correspond to

growing values of activity, were formed.

[ Class Value of Ap 'Numbers of the 1st and last No. of days
Classe Valeur de Ap Numéros du premier et Hombre de
o ~.du dernier jour de - ' jours
I - ‘ chaque classe
e : ~ -1 days of each class
1 2 & 6 1 71 1 n
2 5 & 7 29 .91 1 s2
3 7 410 |72 148 N 76
y o 9. 312 110 179 - | 69
5 11 4 15 149 21y 85
6 13 ais | 180 245 - 65
7 16 " a 23 o215 279 Y
8 19 a 31 246 . 31y 68
S 23 aus .| 275 3w0 65
10 27 3200 296 365 Y

Table 3

Figures 8.1 to 8.10 show the behavior of the hodograph of

different stations in a function of the activity. As the activity
decreases, the hodograph contracts regularly; it may be projected
that at the limit, for a perfectly nul activity, the hodograph

would be reduced to the P, point, which represents-the undisturbed
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-field. Thus Po will be determined by extrapolating the contraction
of the hodograph; this is arrived at by drawing a curve that goes
through the 10 points that correspond to the varibus levels of
activity.for each hour. At best, the point at which the 24 curves
thus obtained for each hodograph converge can be estimated. Note
Po, (Xoy, Yoz,‘ﬁbz). Note that in all the cases studied, the
uncertainty of the Po2 position is less than 10y; some calculations
made by different operators mever vary more than 10+v. |
The values of on.and Yo, determined by this method are

assembled in table 4.

3. Comparison of the two methods:

The value of the undisturbed field Ho will be defined as the
value determined by the hodograph method:

> >
Ho = Hojp

In fact the latter is affected by an uncertainty which seems

~ less than 10y whereas in the results obtained by the first method
it is feared that a systematic error attached to the existence of
a residual current exists.

The values of the difference between Po, and Po2 are assembled
in table 4; they show that the convergence between the two methods
is excellent. Moreover, it can be considered that a fraction of
this difference is due to a systematic error; the precision obtained

on Po is no doubt better than that which can be esitmated from the
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Station | X“ol o2 ‘ Yol‘ - Yo Po1 Fo2
Vo - 5 483 - 5 uou| - 10 954 - 10 952 114
Du | Y. | - 31| - 453 - us5 19.1
Wk s 1 10| o+ 1 113] - 9 226 - 9 239 29.9
SB.~ o s _ 955l + 913 ¥ 90u 12.0
Po + 3 8u4 + 3 840 =~ 12 su8 | = 12 570 22.4
Oa . + 1 059 £ 1 039 - 11 930 - 11 926 |.  20.u
Mi ¥ 2 %20 w2 M7 - lB‘H;B - 13us0| 5
Ht + 1 836 + 1 8u6 o 135' "+ 136| - 10.8

o |eoed| e 7w2 fAf  u;0qs.f’# - 4015 21.4

| fé?_ s s oo A oaz‘y'éfiSfueo  [ '-  6 495 B 17:0
Table 4

values of lE;I-E:1|. The point P, will be assigned as the origin.
The vector corresponding to an hourly interval given in taking
Po as the origin, and for the coordinates axes, the X axes toward
the South, appears directly on the hodograph (fig. 9).

Fairchild (1962) in an analagous experiment used the the

average value of the particular day for the value of the undisturbed
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Fig. 9 The vectors ij and Hi --ﬁbAappear on the hodograph which
must correspond to the axes: X, north and Y, east for the
field vector, X east and Y south for the current vector.

field on a calm day, and for an agitated day, he took the average

value of the field on a neighboring calm day. This method is highly
subject to criticism. In fact, Po is generally not the barycenter
of the Pi, even on a calm day. As an example, the position of the
barycenter of the Pi on eight calm days in 1958 (four of which

are cited in Fairfield's study) was determined. As seen in figure 10,

they are at a distance of 12 to 60‘. from the point Po shifted

systematically toward the zero in agitated times.
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- Fig. 12 Relative average hodographkét Vostok. Daily rotation of
the current vector.
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CHAPTER 3

N
Study of the Density of Current i Vector

The study of the daily variation of the intensity and ofi
the direction of the density of current 1 vector will be undertaken.
The components of.z are immediately deducted from the components
oflﬁ, X and Y, whose values are recorded on.digitaline tape for 15
stations over a 29 year period. ' The format of the recordings and

thé recapitulating table of the available data is described in

annex 2.

wiy
1. The study of the intensity of the density of the i current:

1.1. Calculation of the intensity:

The average annual intensity of ii corresponding to the
fkhourly interval is the average of the intensities of the hourly
vectors. .. . . . . .. _

n oo
2 ‘iijl'E (n = 365 if no observation is missing)

The curve of variation of ii as a function of the hour for

each of the stations studied was drawn. The curves present a
maximum in the vicinity of local noon (fig. 11.1 to 11.10). The

hour of the maximum intensity H. ., is calculated as the abscissa

int
of the highest point of the parabola passing through the highest

point and through to points that surround it.
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The effect of an error on the determination of the undisturbed
field was evaluated by bringing the calculation in a parallel way
from the origin Py, begins with the points Pg, Pns Pys» Pg, distants
from Py of 104 respectively in the east, north, west and south
directions. The greatest shift A&%nL of the hour of maximal results
of one of these changes éf origin is in all cases less than a half-
hour.

Hallet station has peculiar properties, in spite of the fact
that it has a magnetic colatitude of less than 14°. On one hand,
the variation curve of the intensity as a function of the time
presents two distinet maximums of comparable importance (fig. 11.8)
On the other hand, the average hodograph has the appearance of an
elongated oval, contrary to those of the other stations in the cen-
_tral regions of the polar caps, which are almost circular. It
can be supposed that this local effect is related tolthe geographic
ﬁosition of Hallet, which is situated on the coast of the Antarctic
continent at a point where the direction of this coast juts in
sharply. This station will not be considered in the average

results of the stations in the central region of the polar caps.

Table 5 contains the results relative to the stations studied.

1.2 Comparison of the daily variations of the intensities of the

currents and of the magnetic acfivity:

The intensity of the density of the currents is maximal at

an hour close to local noon.
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The difference H. -L is superior to the shift corresponding

int
to the uncertainty of origin. its average value in modululus is

1.26 h. "Its relative average value is - 0.86 hour. The Hint value
is shown as a function of L in figure 13.

The divergence observed is not gystematically directed towards
the magnetic noon. Notice, however, on the curves relative fo
certain stations (Du, Wk, SB, Po, Th, Go, figures 11 -2, -3, -4,

-5, -9, -10) thevpresence of a secondary maximum near the M hour.

It is known that the daily variation of the magnetic activity
is characterized by a maximum at hour H equidistant between local
noon L and magnetic noon M. The results thus obtained vary greatly
from this behavior. If the explanation proposed by Lebeau (1965)
to interpret the behavior of the activity described by the K indexes:
action combined with a modulator mechanism, the variation of the con-
ductivity of the E region, which tends to produce a maximum at
local noon, and with an excitator mechanism which reacts with the
maximum intensity at the hour of magnetic noon, it must be admitted

that the effect of the modulator mechanism is heavy in the daily

behavior of F?I .

1.3. Justification of the hypotheses "Eq; varies with ii"e

The first method of determining the origin was based on the

idea that the dispersion of Eqi of the field vector and the average

b

intensity i; were minimal at the same time. The comparison of the
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daily variation curves of Eqi and ii (figures 11.1 to 11.10) justifies
largely this hypothesis and brings a remarkable correlation right

between these quantities into evidence.

2. Study of the direction of the density vector of the current:

The average current vector appears directly on the hodograph
beginning with the origin of P . 1Its direction varies as a fgnction
of the hour in a nearly uniform way (fig. 12, p. 152); it seems to
approach the direction of the sun, to which it has already been
systematically compared. The rotation of the vectors studied has
been represented in a diagram in which the hour was assigned to the
abscissa and the direction of the vector to the ordinate, counted
poéitively toward the west. The daily uniform rotation towards
the west will be represented by a straight line of the slope
+ 15°/hour.

2.1. Azimuth of the sun:

The daily variation of the azimuth of the sun depends on the
time of year and on the latitude of the station; this is not true
at the poles, however, where in all seasons the azimuth of the sun
varies uniformly by 360° in 24 hours.

For the stations sfudied which were stations in the higher
latitudes it can still be considered that the daily variation is
linear, in the first approximation.

Fig. 14 represents the exact azimuth of the sun as a function
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Fig. 14 Exact values of the azimuth of the sun at Oasis at the
equinox (solid line), at the solstice of June (dotted line) and at
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‘of the hour for the equinox and the solstices at the Oasis station,
which is the lowest in geographic latitude of all the stations
studied (=660f6'). The corresponding curves never vary more than
12° from the straight line which corresponds to an approximation

of a uniform rotation.

2.2 Direction of the current vector averaged over a period of

one year.
The direction of the current vector shifts systematically
toward the west as compared to the azimuth of the sun; this isg

true for the Arctic stations as well as for the Antarctic stationms

(fig. 15.1 and 15.2). Thg daily variation of the direction of the
current is not quite linear, nor is the variance observed between

the direction of the current and the azimuth of the sun constant.

A maiimum occurs at an hour bordering on, an hour of minimal intensity
and a minimum corresponds to a maximum of intensity. In figures

15.1 and 15.2 the value of the intensity'\?;‘ was diagramed per-
pendicular to the straight line of the variation of the azimuth

of the sun for each hourly interval. The values of the maximum

and the minimum variances relative to the stations studied are-

assembled in table 6 (p. 21).

2.3. Effect associated with the magnetic activity:

The daily variations of the direction of the average current

was compared on two classes of days. One corresponds to a weak
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Fig. 15.1 Daily variation of the direction of the average current
vector at Wilkes. The variance between this direction and the
azimuth of the sun is compared to the average intensity of the
current vector. '
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Fig. 15.2 Daily variation of the direction of the average current
vector at Thule. The variance between this direction and the
azimuth of the sun is compared to the average intensity of the
current vector.
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station | - Poart Mnimun | . Beert Jadiiy, | DTS

Vo - 370 . 710 [ 3u0

Du’ 9o 77° ‘ 68°

Wk 1 10° A 790 o 590
SBb : » 46° . 85° o 390~

Po | 30 | . 80° ‘ 57° |
0a 20° B . 730 53°
ML 70 740 ' 720

Th 28° ’ 59° . 31°

co T 260 - e 1 807 .

Table 6

magnetic activity and to a weak average current, and the other
corresponds to a strong magnetic activity. These curves (drawn

for Vostok and Thule, fugures 16.1 and 16.2) are rather close to

the hour of maximum intensity, but at the hour of minimum intensity,

the curve relative to the class of weak activity increases its dis-

tance from the direction of the sun.

2.4, Effect of an error of origin:

It might be asked if the lack of regularity in the rotation
of the current vector may not be the effect of an error in deter-

mining the undisturbed field. The fact that the variance is maximum

@l
for the weakest values of |i! would lead to that conclusion. To

avoid this difficulty the effect of an error on P, was systematically

studied. "
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Fig. 16.1 Daily variation of the average current vector at Vostok
for the classes of days of strong magnetic activity (solid line),

of weak magnetic activity (dashes) and of average magnetic activity
(dots-dashes)
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Fig. 16.2 Daily variation of the average current vector at Thule
for the classes of days of strong magnetic activity (solid 1ine),

of weak magnetic activity (dashes) and of average magnetic activity
(dots-dashes)
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A vector which has as its origin P, and which turns uniformly
‘describes 24 elements corresponding to 24 hourly intervals on
its hodograph. Beginning with the point Py each of the elements
is under an angle of 15°. Therefore the point Py which is at a
distance of 104 from P, in the direction corresponding to the nth
hourly interval as the origin.
Each element of the hodograph is seen from the point P71 under

an angle which is different from 150. The difference is shown as

a function of the hourly interval in figure 17. 1In the diagram
where the direction of the vectof as a function of the hourly
interval is shown, the rotation seen from PO is uniform, therefore
represented by a straight line (dotted in figure 18), and the
rotation seen from Py is répresented by a solid line. The maximum
variance towards the west corresponds to the hourly interval =,

and the easterly one to n + 12. The minimum intensity is always
less than 30y in all cases. A shift P P; in the direction of the
minimum intensity corresponds to a variation of an angle of 7.5°
(fig. 19). The angular variance dué to an error of origin is there-
fore less than 15°. The variances measured are generally greater
than 15° (see table 6) and the average varience is 53°. An error

in the determination of the undisturbed field cannét, therefore,
‘explainfthe lack of uniformity'observed in the rotation, unless

it were systematically directed according to the least intense

vector, much greater than lOT‘ No source of systematic error of
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this éort was seen.,
The general aspects of the curves 15.1, 15.2, 16.1 and 16.2
were resumed, assuming that the greater the modulus of the current

vector, the closer its direction will be to that of the sun.
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Fig. 19 Effect .of the shift P P1 in the direction of the vector
of minimum intensity?
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CHAPTER 4

Study of 1

Notice the definition of the daily parameter ij:
: -+ .
I3 s.%ﬁ :fl {iijl,j
Lebeau (1965) brought out a linear relation between the average
value of the amplitude of the magnetic activity described by the
local K indexes and the average value of corresponding I for the
same station. This relation was established for Dumont d'Urville
in 1958. The average values were taken from classes of days cor-
responding to the increasing values of I. Here the I parameter,
day by day, the values taken for different stations were calculated.
Good correlations lead to the consideration that I is a representative
of phenomena at thevplanetary level. Hence, it was compared to Ap,

planetary index of magnetic activity.

1, Calculation of I, effect of an error of origin:

The values of I in 1958 for the ten stations studied and for
the station Little Amefica (LA) were calculated. The uncertainty
about I resulting from the uncertainty of the determination of
the undisturbed field is evaluated by the average variance between
the values of I calculated beginning with the origin of P, and

beginning with the points Pg,PN, Py, Pg (Chapter 3, 1.1) The

calculation was made by Vostok.
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The average variance corresponding to Py is 3.3y,
PNy of 3.3y, Py of 2.4yy and Pg of 2.5y . The average variance
is 2.8y:. The average value I for Vostok is 92.1y. The uncertainty

about I is, therefore, on the order of 3%.

2. Comparison of the values of I for different stations.

The behavior of I as a function of two characteristic parameters
of a given station, the magnetic colatitude and the geographic
latitude will be made precise.

To isolate the eventual influence of the magnetic colatitude,
the stations of the same latitude will be grouped together; this
leads to the formation of two groups among the Antarctié stations.
The stations Wilkes, D'Urville, Oasis, and Mirny are at a latitude
close to 66° S and the stations Scott Base, Vostok and Little
America are at a latitude near 78°S (see table 1). The stations
will be compared two by two within both groups; Each day is
represented by a point in the diagram where the I values relative
“to the station S1 are assigned to the abscissa and those relative
to the station Sy are assigned to the ordinate (fig. 20 relative to
Wilkes and Mirny). The average value of the proportion figé— is
calculated as the slope of the straight line of the least distances

going through the origin drawn through these points. When three

IS
(oxr, four) stations are used, each proportion —Ig% can be compared
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Is2 Is3 Is2 Is4
to T3 X Isl,@nd Eo Ts; X Ts1 ). Note that, because of gaps

in the observations, these different determinations concern groups
of days which do not strictly overlap.

The values of the slopes of the straight lines and the values
adopted for each proportion are assembled in Table 7.1 for the
first group (the average value for the three determinations was
taken) and in table 7.2 for the second group. (The two determinations
yield identical results)..

It is found that two stations belonging respectively to one
or the other of the two preceding groups have the same magnetic
colatitude; these are Wilkes and Scott Base. The values of I will
be assigned the value of 1 arbitrarily for these two stations and

the value of I for another station will be calculated by the pro-

portion for the first group and for the second group

Iss

(table 8).

The result is shown in figure 21 where the results thus
reduced of I as a function of magnetic colatitude are shown. It
is given that the average value of I augments as the magnetic colati-
tude of the station diminishes.

The group of stations available did not permit making the
effect of geographic latitude precise in the same way. In fact

only two stations, Wilkes and Scott Base are at the same magnetic

latitude and at different geographic latitudes. The proportion
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;
MIRNY .
ien¥ ’
250
200
150 '
100 ‘
: Lo
50 ' '
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100 . . 150 : 200 B 250 lem ¥ ' ‘
WILKES 3
I
® mi o 3 °
Fig. 20 T = 0.936. This average proportion was determined for
wk . .
the slope of the straight line of the least
distances drawn through the points (Iwk’ L. ).
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Stations .E_S.Jr Ls, Iy ..‘E_s._';x __f_ﬂA_ Veleur moyenne
Sa e 3y s Sy Is, I, Su Ty Is, |(Average f,
by Ww A. 056 Oa A, 037 i A, oL% A. v:;:
bu Oa. A. 045 WK A, 03 ™M A 006 A. 048
Y M 0.984 Wh 0.988 O 0.99%0 0.%986
. Ww Oa 0.9%3 ™. 0.%60 Du 0.9 64 0.36%
Ww M 0. 936 o2 0. 25 by 0.919 0.940
_Oa 0.8%s WK 0.985¢ Du- | 0.9¢x 0.966
Isg

Table 7 Values of average proportions IsT

for stations of the same

latitude. 7.1 lst group DU, WK, OA, Mi (geographic latitude % 66°S)
Statrions Lsy
'SA e S Is,
SB Vo A . oan eau o vaL <
S LA 0.788% Statriown colsritude of“‘w' dut e
Vo LA 0."119 | m2ereriaue
7.2 2nd group: Vo, SB, LA Vo ' 5. so0 A.oa
(geographic 1at1tude-77 °s) Du | I:usg 0.9 5%
Wh 3. 83 A.
‘ S8 A0 .ou A .
oa Al .64 0. 867
M A3.4% _.0.94o
'LH /16 43 O 73?
Table 8 Reduced values of I
ﬁR%d%céd value. - - .
‘\?b\u‘l;'rc:duﬂ't e -
ae T .. 7 / Vo / ., <
‘ N o, WK .
4. 4 /N N.z58
Rty 4 N l Oa.
L ‘ .DU I ..... ., s § S . s
& » . "'i_ ) "s."‘. | ] Mi )
- 't-.... l
0.9 ] i e,
0.8 ¢ )
h N/
/N LA
0.7
) 4 . i ’ 4 ’ # ¥ 7 4 7 ¥
8 Ao A8 T 7
. colabitude wagachk

magnetic colatl

Fig. 21 Reduced values of I as a function of the magnetlc colatitude.

The straight line of the least squares was drawn.
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I
of average yearly values of I, “TSE is equal to 1.09, which indicates
a weak increase of I with the geographic colatitude for the same

magnetic latitude.

3. Evidences of seasonal variations

3.1. Seasonal variation for an isolated station:

Figure 22 shows the variations of I as a function of months
for the stations in the southern hemisphere: Wilkes, Mirny, Vostok
and Scott Base. An annual cycle having its maximum in the summer
is very apparent and the curves which correspond to the different

stations are very comparable.

3.2 Compared variations of two stations:

To compare the seasonal variations of two stations the value
Is2
of the average proportion —gr— will be calculated by the slope of

the straight line of the least distances passing through the origin,

passing through the points which represent the days of the months.

Between two stations of the.same hemisphere, but of different
latitudes, it was not possible to fina a seasonal variation of the
proportion —%g%— .

However, the comparison of two stations of different hemis-
pheres brings out seasonal influences which are in phasic opposition.
In figure 23 the séasonal variation of the proportion %gg;_which
brings out the inverse seasonal effects undergone by the I values

relative to both stations is represented. The disconnection of the

curve observed in December can be interpreted by the fact that the
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sun was always below the horizon at Godhavn (latitude 69°14'N) ,
the solar height no longer médulates the ionospheric conductivity
( Lebeau 1965). There is no analagous effect in June at Mirny

because it is at a lower geographic latitude (66°33'S).

4. Comparison of I to Ap:

First an average annual relation between I and Ap (year 1958)
will be established. Next a coefficient of seasonal variation will

be introduced.

4.1 Average annual relation between I and Ap:

For the classes of days corresponding to the increasing
values of Ap, the average value of I will be calculated.

For a given station, the average relation between I and Ap
in 1958 is described by the curve drawn through the points (KS, 1),
representatives of each class, in a diagram where Ap is assignéd
to the abscissa and I to the ordinate. The curves relative to the

stations studied resemble each other (figure 24). Their slope

decreases as Ap and I increase.

The curves will be represented as follows:

I=a Ap* o < 1

o¢ and a are calculated by the slope and the ordinate at the

origin of the straight line of the least squares in Y drawn through
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the points (Log Ap, Log I) (figure 25)

Log I = a Log Ap + Log 3.
The values of the slope and of the ordinate at the origin of
this straight line for the different stations are assembled in
table 10. It is given that the value of the coefficient & increases

as the magreticcolatitude of the station increases, similarly the

coefficient of pfoportionality decreases (figure 26).

This means on one hand that for a given value of Ap, I decreases
at a greater rate in lower latitude stations than in the higher
latitude stations.

The general phenonomen of expansion of the activity towards
the lower latitudes is expressed here quantitatively for the
interior of the auroral zone, where this occurs during a period
of agitation, which is common in subauroral regions. The extension
of this analysis towards the lower latitude regions should lead
to values of &K which approach unity, particﬁlarly in the obser-
vatories which will serve as a basis for the calculation of the

Ap index, where < should equal 1.

4.2, Coefficient of seasonal variation:

To define the coefficient of the seasonal variation, the average
value I, of I was calculated for each month, as well as the average
value of Ap, of Ap. The previously established relation permits a

correspondence between Ap  and an average yearly value of I : I (Apy).




-29%.

AS0 |

T T v \ Y

s 40 20 30 ,‘AZ}.O ' so 60 70 AP

Flg 24 Average yearly relatlon between Ap and the value of I at
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Table 9

Starion | Colatitude .|, ¢
magnétique - = |

Vo 5.0 | o321 138.20
oy | 9ws | 0.316 T b3.ue
we | . e.s3 - oousse 40.00 |
sB - 10.0% IR O VAR 32.30
PO 10.19 | 0.386 38.60
Oa 1161 | o.w08° 30.01
wi | o138 - | owmwo .} 27 ut
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Table 10
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Fig. 26 The value of the coefficient o of the relation I = aA¥

increases with the magnetic colatitude. The straight P
line of the least squares was drawn through the points
representing the Antarctic stations. ‘
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The seasonal variation of the coefficient:

Im
I (Apm)

for the year 1958 is represented in figure 27 for the different
stations.

The difference of latitude between two Arctic stations on
one hand and the seven Antarctic stations on the other, had no
systematic influence on the coefficient of seasonal variation.
The curves describe a maximum in summer and a minimum in winter.
However, the average curve corresponding to the Aretic stations
cannot be deduced from the corresponding averege curve of the
Antarctic stations by a simple shift of six months. Notice,
though it cannot be explained, that its maximum estival is wider

than the one corresponding to the Antarctic stations (figure 28).

4.3, Calculation of Ap (Ij):

The correspondence between I and Ap is described, therefore,
for a given station by a curve of seasonal variation and the
yearly relation L 4

I=adap® (§u4.1),

The daily coefficient of seasonal variation kj is calculated
by linear interpolation between the values of km corresponding to
‘two successive months. From the yearly relation, Ap (Ij) which

is the value that Ap assumes when I is equal to I3 can be deduced.

kj
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"ig. 27 Seasonal variation of the km coefficient for the stations
o studied.
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Fig. 28 Comparison of the average curves of seasonal variation for

the Arctic stations (solid line) and the Antarctic station
(dashes). They do not superimpose for a shift of six months.
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. To evaluate the finesse of these relations statistically
established, the real value of Apj was compared daily to Ap (Ij).
It is given that, except for very agitated periods corresponding
to local disturbances which are more or less acute, the variance
between Ap (Ij and Apj is not greater than i D

The results of the relative calculations at Wilkes for the
month of November and at Thule fqr the months of January, February,

March and April will be given as examples (figure 29) *

Conclusion:

In this study the behavior of the hourly average values of the
magnetic field in the very high latitude regions(magnetic colati-
tude << 14°) was studied and their variation was interpreted as the
effect of the electric currents circulating in the ionosphere.

This analysis was based on the concept of the undisturbed
field and on the determination of local values of the undisturbed
field. Two different methods lead to closely correlated results.

The daily maximum of the current density whose hour approaches
local noon was established.

For the Arctic stations as well as for the Antarctic ones,
the fact that the average direction of the currents is to the
west of the direction of the sun was shown. The variance between
these two directions is weak in a way that is directly proportional

to the intensity of the currents. The average varies between 70%and 20°

% See translator's note at end.
* The untranslated L“j“““‘e is S\,PP\\@Q\ on wnext pege
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Next the average daily value of I of the intensity of the
currents was studied; I possesses a seasonal -variation of high
amplitude (E_EEEEEE ¥ 2.7) which, in the same hemisphere, is

I summer ‘
only slightly influenced by the differences in geographic latitude;
the average yearly value of I increases with the magnetic latitude.

Likewise, I increases with Ap. It was established that the average
yearly relation between I and Ap can be described by the equation:
I = a Ap® |

where a and X are characteristic of a station; a increases with
the magnetic latitude and & decreases. The latter property can be
expressed quantitatively as an expansion of sheets of polar currents
toward the lower latitudes as Ap increases. It would be interesting
to research the problem of whether or not the behavior can be shown
in the same way in auroral, subauroral and temperate regions.

Taking into account on one hand the seasonal variation and
the relation between I and Ap on the other, it was shown that it

would be possible to establish a value approaching Ap beginning

with observed 1I.

Credits:
M. Lebeau directed and encouraged me for the duration of
this work. I owe him an eXpression of my gratitude. I would

not be able to cite all the members of GRI and of IPG, whom I
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‘ would like to thank for their aid and advice.

The calculations were made by the Numerical Calculation Service
of the observatory of Meudon. I thnk particularly the operators of

the night service, whose understanding often facilitated my work.

Appendix 1. The straight line of the shortest distances drawn through

a cloud of points:

A straight line for which the sum of the squares of the Eu-
clidian distances from the points of observation to the straight
line would be minimal was searched. This quantity will be assigned D2,

2

It was shown that the minimal minimorum of D“ is achieved when

the origin is taken at the barycenter.

1. Calculation of D2 - the origin is arbitrarily chosen:

N is the number of observation points; x., y, are the co-
ordinates of the points and dy is the Euclidian distance of the

point P at the straight line of the slope a, passing through

the origin a2 = (yp - axp)? [
r 1+ a | ' .
D2 =5 4 2 = a2 £ xp? -~ 2a L Xp yp t L yp .

TR

The variation of D2 is studied as a function of a’

o wms oo s wems

2
- Dimin
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D is minimal when the wvalue Aopt is taken

2 2 T Py |
a = o Xp - I¥r 4 1+ (REn T ) <
. opt 2 RERE 2 : <
2 2. . .2 a9 2

Dz Cixp o+ oDyr L \[Exr = Typ (Zzxpyp )
min = T ? - 2 o B

2. Research of the minimum minorum of D2:

The coordinates of the points assigned to the origin taken

at the barycenter are X., Y. The corresponding value of Dzmin»is

2
represented as D _ . .

Beginning with the origin taken at (&, o) the coordinates are:

which leads to:

™~
»

1"
™
]
+
=
=

™
<
",
S e
a3
N

The value which corresponds to Dzmin is represented by D2

S DT e
et e

d-min*
2 2
D bemin and D 9-min 2re compared.
T : 9 S 2 o2 2.2 :
D2_ .~ _:J,ZAr ..+ ZYI’D L V(LXI} bl ZYP )+ (ZXI\YT)Z
bemin SR T e AT
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.2 2
2 - Eerz + EYP + e O
-min 2 2
N [ arp2oryp?)? Ji%a’ 2‘a2 L 2 2 "
i \/ = - . d (Z'ir’z'ZYr* )+ (LXpY P)

2

. . ‘ 2
It is easily seen that, whatever mnot nul, D d -min D y_min®

The straight line of the least distances passes through the barycenter.

Appendix 2 Data recorded on digital tape:

CRCRREL e S R

The average hourly values of the X (north) and Y (east) éomponents
of the horizontal components of the magnetic field were recorded on
tape, on one hand for the 15 polar stations during 1958, énd on the
other for the station Godhavn for 15 years from 1950 to 1964. Each

Each station is designated by a code number of four figures
that correspond to the number given to the station during the Inter-

national Geophysical Year (Annals of the IGY 1964).

Station ..~ . |+ Code numérique
Dumont d' Urvmlle B S 1979
Wilkes R SRR 1977
Scott Base .. o .o o .. 1e@1
Codnavn A Sl 10u9
Qasis | Ui e s T g7
~Vostok - T il D 1096
Thulé s e R T T 1021
‘Mirny 1978
Little fmerica ».:.1895
Mawson 1980
Byrd R Lr1ece7
Macquarie Island 1861
nalley Bay 1989
Hallett R R 1988

i Plonerskayafﬁpj¢¢ g 12589
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Each year of data is composed of 367 blocks of 49 words. The contents
of each block are given in the following table.

bléck 1 Block of identification - Example: Identification of
.the data at Dumont D'Durville, 1958
Example
lst word |code number designation station 1979
2nd word |code of the definition of the magnetude
recorded - the value of 7 corresponds to
the x and 'y components -
3rd word : . year 58
Ath word |date of the lst day of year: month 1
S5th word day 1
6th word %umber of 1st day of the year; counted
rom
Jan. 1, 49, foryears 49, 50, 51, 52
Jan. 1, 53 : 53 54 55, 56
Jan. 1, 57, " 57, 58 59 60
Jan., 1 61, " 61 62, 63, 64 366
7th word |number of successive days for which
values are recorded 365
d
8thtgor 42 time the value of O
49th word
block 2 365 daily blocks =--even for the leap years (52 56
to 60, 64) for which the correspondents for Feb. 29
366 were not given.
lst word P if no observation is missing that day
1l if one or more observations are missing that day
Pnd word the 24 hourly values of X, the lst corresponds to
ﬁo the first hourly interval: from O to the hour TU
25th word
ZOthtggrd The hourly values of Y
49th word
block Final block which will serve as test of positioning
367 on the tape
1st word | 9999 (entire value)
anoWOrd 48 times the value of O
49th word
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TRANSLATOR'S NOTE
Some confusion may exist in the use of sub letters and
numbers, due to inconsistencies in the original French manuscript.

Reference is made to Fig. 29; however, there was no correspond-
ingly numbered figure in the illustrations.




